102	NITROGEN  COMPOUNDS
C6H2(NO2)3.CH3i.(cH1 : 2 : 4 : 6) is used (see Ber., 1914, p. 707 ; Zeitsch* gesammte
Schiess. Sprengstojfwesen, IQ07, 4; IQIO, 156; IQII, 301; 1912, 426; 1914, 172).
Its manufacture from pure toluene is carried out in stages.
i So kg. of pure toluene are first of all transformed into mono-nitro-toluene by means of a
mixture of 315 kg. of sulphuric acid (sp. gr. 1.84) and 200 kg. of nitric acid (sp. gr. 1.44) ; the
waste acid is drawn off, and a fresh acid mixture of 600 kg. of sulphuric acid (sp. gr. 1.84) and
200 kg. of nitric acid (sp. gr. 1.48) transforms the first product into dinitro-toluene. The mixture
is heated and stirred during the operation, and the dinitro-toluene separates as an oily layer from
the hot mixed acids. The waste acid from this second stage is revivified by the addition of 135 kg.
of fresh nitric acid (sp. gr. 1.44), and is used again for making mono-nitro-toluene.
Dinitro-toluene forms, on cooling, a pale yellow, fibre-crystalline, moderately hard and brittle
mass, which on further treatment with sulphuric and nitric acids is transformed into trinitro-toluene.
For this purpose it is dissolved by gently heating it with four times its weight of sulphuric acid
(95-96 per cent) and it is then mixed with one and a half times its weight of nitric acid (90-92 per
cent), the mixture being kept cool. Afterwards it is digested at 9O°-95° C., with occasional
stirring, until the evolution of gas ceases, which takes place in about four or five hours. The
product, after cooling, is separated and washed.
According to the purity of the dinitro-toluene one may obtain an end-product with a melting
point of 72°-73° C., or a purer form with a solidifying point of 77°-79° C. The impure form is used
exclusively in blasting explosive mixtures. By recrystallising the higher melting product from
alcohol or petroleum benzene it may be obtained pure, and then melts at 80.6° C. It is finely
crystalline, is bright yellow in colour, has no specially bitter taste, and the dust arising from it is
said to have no injurious effect. Whether in the form of powder, or in the massive condition after
pressing or fusion, it is quite insensitive and much safer to manipulate than picric acid. It can be
detonated with a No. 3 detonator (0.54 g. of fulminate composition) when in the form of powder,
and no poisonous gases are produced. It is quite stable under the influence of heat and moisture,
and has no action upon metals or metallic oxides.
Its low density is a drawback (1.54 against 1.64 for picric acid). Rudeloff (Zcitschr. Schiess.
Sprangstoffwesen, 7, 1907), obtains a density of 1.85 to 1.90 by making a plastic substance from
trinitro-toluene and potassium chlorate with a gelatine made from dinitro-toluene and soluble nitro-
cellulose. Bichel (British Patent, 16,882, 1906) makes a plastic "compound" with collodion cotton,
liquid dinitro-toluene, aud larch turpentine to which he gives the name Plastrotyl. Messrs Alien-
dorf mix the trinitro-toluene, together with some lead nitrate or chlorate, with a gelatine made from
dinitro-toluene and nitrocellulose, and call the product Triplastit. Bichel (British Patent, 19,215,
1906) melts the trinitro-toluene and, after first exhausting all occluded air, compresses the molten
product during cooling by means of compressed air. In this way he increased the density to 1.69.
Rudeloff, using hydraulic presses, subjects it to a pressure of 2,000-3,000 atmospheres whereby it
attains to a density of 1.7, and can be cut and worked like gun-cotton. For the purpose of
facilitating detonation some loose trinitro-toluene is used as a primer.
Trinitro-toluene has been introduced into the French service under the name of Tolite. The
Spanish Government call it Trilit. The carbonite works of Schlebusch are introducing it into other
services under the name of Trotyl, and Messrs Allendorf of Schoencbeck under the name of Trinol.
Trinitro-benzene is also receiving attention as a suitable material for filling shells.
Schroettcr and von Freiherr (British Patent, 8,156, 1907) have proposed the use of hexa-nitro-
diphenylamine, in a compressed condition, or its salts, in the manufacture of high explosives for
adjusting the sensitiveness and the melting point.
Other nitre-derivatives of hydrocarbons and of phenols are used in explosive mixtures. Among
the former are dinitro -benzene, chlor-dinitro -benzene, dinitro-toluene, di- or tri-nitro -deri-
vatives of mesitylene, pseudocumene, andxylene, dinitro-naphthalene. Trinitro -naphthalene
and tetra-nitro-naphthalene have also been proposed. Of the nitrophenols, perhaps the most
important is tri-mtro-cresol, known as Cresilite in France, where it is added to Melinite.
Other nitro-derivatives of the aromatic series will be mentioned in the section on detonators.
The work of Dr B. J. Fliirsheim on the polynitro-derivatives of aromatic compounds has aroused
widespread interest. 2:3:4: 6-tetranitro-amline or tetranyl, which he obtains by nitrating 2 : 3-
dinitro-aniline, 3 :4-clinitro-aniline or metanitro-aniline (British Patents, 3,224, 1910, and 3,907, 1910;
D.R.P., 242,079 and 241,697), appears from results of tests which have been published to be par-
ticularly well adapted for use as an explosive (Proc. Chem. Soc., 26, 1910; Zeitschr. Schiess.
Sprengstoffwesen^ 10, 1913, and 2, iqi$-9 Joitrn. U.S. Artillery, 40, 1913), and is suggested for
application in detonators, explosive mixtures, propulsive powders, and detonating fuses, also for
filling shells, mines, and torpedoes. It may be used as a primer (British Patents, 16,673, 1911, and1
2,407, 1912) or in admixture with (i) trinitro-amino-anisol or trinitro-amino-phenetol (British
Patent, 18,777, I9U) or (2) with aluminium and ammonium perchlomte (French Patent, 465,082,
1913). The application of tetranitro-aniline on an appreciable scale will no doubt depend on
whether or not the stringent official requirements regarding explosives and their ingredients can be
met at a suitable cost and without sacrifice of efficiency.
Ammonium Nitrate Explosives, Safety Explosives
Bichel, in conjunction with Dr Mettegang and other colleagues, has investigated
experimentally the conditions which determine the superiority of some explosives

